The swarming phenomenon associated with some members of the genus Proteus (P. mirabilis and P. vulgaris) has intrigued investigators since first reported by Hauser (9) , yet the underlying mechanisms regulating this process remain elusive. Lominski and Lendrum (14) proposed chemotaxis as a mechanism for swarming, but recently Williams et al. (28) presented convincing evidence against this. The swarm cycle observed on solid media generally involves development of swarm cells from short, sparsely flagellated cells (short cells) followed by outward migration of the swarm cells over the agar surface. Masses of swarm cells (80 ,um in length and profusely flagellated) move over the surface for a period of several hours, followed by consolidation (division into short cells), and this cycle is repeated until the surface of the medium is completely covered. Although several descriptive studies have appeared (for a review, see reference 29) , studies into the genetics and biochemistry of the phenomenon have not followed. Moreover, there is presently no good working hypothesis that might explain swarming. In our view, swarming should be considered as an example of procaryotic differentiation. In this regard, stage 1 would involve those signals and receptors responsible for triggering swarm cell formation, stage 2 would involve the coordination of cellular processes to support the outward migration, and stage 3 would involve the signals and receptors responsible for termination of swarming and initiation of cell division.
In a previous study of swarm and short cells of P. vulgaris (10), we reported that the enzyme tryptophanase was not inducible in swarm cells. Because failure of swarm cells to induce this enzyme was not due to a block in transport of the amino acid or to lack of cyclic AMP, we sought to determine whether other enzymes also showed differing patterns of induction or expression in the two Proteus spp. cell types.
The objectives of such a study were twofold. First, we sought to identify marker activities unique to one of the two cell types which could be used for studies of the induction of swarm cell formation, since microscopic observation is * Corresponding author.
neither reproducible nor sensitive. In addition to identifying differences in enzyme activities, we have looked for changes in membrane proteins, respiratory capabilities, and cytochrome composition in swarm and short cells. Second, if there were widespread changes in enzymes, membrane proteins, or cytochromes between swarm and short cells, they might indicate general alterations in the pattern of transcription in short and swarm cells, as had been observed in differentiating cells of Bacillus subtilis (6) , Myxococcus xanthus (20) , and Arthrobacter crystallopoietes (18 (19) . Phenylalanine deaminase activity was also measured in whole cells by following the formation of phenylpyruvate as described by Ben-Hamida and Le Minor (5) . Urease activity of whole cells was measured by determining the amount of ammonia formed enzymatically from urea by the phenolhypochlorite method of Russell (22) . Values Isolation and characterization of outer membrane proteins. P. vulgaris PV was grown on CPB agar medium. Short and swarm cells, isolated as described above, were washed and suspended in 10 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid) buffer (Calbiochem-Behring, La Jolla, Calif.) (pH 7.4). Outer membrane fraction was recovered by Triton X-100 extraction as described by Schnaitman (23) . Polyacrylamide gel electrophoresis of the outer membrane fraction was performed as described by Lugtenberg et al. (16) . Coomassie blue-stained gels were scanned with a Helena Labs Quick Scan Jr. densitometer.
Cytochromes and respiration rates. Membrane vesicles were prepared from short and swarm cells by two passages through a French pressure cell (20,000 lb/in2), followed by a low-speed centrifugation to remove cell debris (10,000 x g) and then ultracentrifugation at 100,000 x g for 90 min to sediment the membrane vesicles. Cytochrome content of membrane vesicles was measured by difference spectroscopy, using an Aminco DW-2 spectrophotometer (American Instrument Co., Inc., Silver Spring, Md.). In this method, the contents of the sample cuvette were reduced with a few crystals of sodium dithionite, and the contents of the reference cuvette were oxidized with either oxygen or potassium ferricyanide. The types of cytochromes and their concentrations were determined as described elsewhere (11, 12 (10) , we identified tryptophanase as a useful marker for short cells because it was uninducible in swarm cells. By contrast, urea$e was constitutive and present in high levels in swarm cells and was uninducible and of marginal activity in short cells. The possibility that the short cells, collected from the center of the growth medium, were devoid of urease activity because they were in stationary phase was ruled unlikely by the finding that broth-grown short cells also had low or undetectable levels of urease activity (data not shown). Further, the fact that short cells are motile, produce ,-galactosidase, induce tryptophanase (10), and transport phenylalanine (2) argues against the (24) . It should be pointed out that mea4surable levels of urease activity were not seen until 1 h or later in induction experiments, and the levels reported were relatively low in comparison with the specific activities reported for swarm cells. Although not described in this study, urease repression in short cells can be overcome by culturing P. vulgaris on a glucose-minimal salts medium with urea as the sole source of nitrogen. On that same medium, urease activity was constitutive in swarm cells. Thus, it appears that urease repression is abolished in swarm cells.
The induction of phenylalanine deaminase by swarm cells is even more striking in light of the decreased transport of this amino acid by swarm cells (2) . This enzyme was inducible in both short and swarm cells and appeared to be regulated differently from tryptophanase and urease. Moreover, the finding of an inducible enzyme in swarm cells reinforces the view that swarm cells are not metabolically dormant. The induction of phenylalanine deaminase and the constitutive formation of urease in swarm cells verifies that the machinery of transcription and translation is functional. Our findings that tryptophanase is uninducible, that urease is constitutive, and that phenylalanine deaminase is inducible suggest that selective transcription occurs in swarm cells. However, transcription and translation are not necessary during the migration of swarm cells on agar since migration proceeds normally on medium supplemented with rifampin and chloramphenicol (3; unpublished data), though division of swarm cells leading to the short-cell morphology is inhibited in the presence of these antibiotics, as described by Armitage et al. (3) .
The changes in enzyme activities also suggest that they are due to a response to a common regulatory signal mediated through changes in transcription. Alterations in the pattern of RNA transcripts and in RNA polymerase have been demonstrated in differentiating cells of B. subtilis (6) and M. xanthus (20) . The contention that changes in tr4nscription in (1) , and it is possible that the induction of urease and amino acid decarboxylases and deaminases by swarm cells of P. vulgaris and P. mirabilis also provides the necessary ATP to generate a trans membrane proton potential and drive motility (13, 17, 25) . Clearly, the energy source is intracellular because exogenous energy sources are not required for swarm cell migration over agar surfaces (29) .
Swarming species of Proteus are regarded as common causes of urinary tract infections, and urease is considered a virulence factor (24) . Our finding that urease is maximally produced in swarm cells may implicate this cell type in urinary pathogenesis. In light of the significance of urease in urinary pathogenesis, the role of swarm cells in urinary tract infections should be reexamined.
